Highlight: 22 Using the RNA-sequencing data and the metabolic profiling analysis, we identified the 23 changes that occur in the transcriptome and metabolome of tartary buckwheat in response 24 to cold, focusing on the flavonoid biosynthetic pathway. 25 26 27 28 29 30 31 32 2 Abstract 33
Introduction
(http://trinityrnaseq.github.io) (Haas et al., 2013) . The characteristic properties including 161 the N50, average, maximum, and minimum lengths of the assembled contigs were 162 calculated using Transrate software (http://hibberdlab.com/transrate) (Smith-Unna et al., 163 2016) . We clustered the tartary buckwheat transcriptome contigs based on sequence 164 similarity using CD-HIT-EST software (http://weizhongli-lab.org/cd-hit) (Fu et al., 2012) . 165 To infer the biological functions of tartary buckwheat transcripts, we performed a 166 homology search of the transcripts in a number of public protein and nucleotide databases. 167 Transcript lists and sequences are presented in Additional File 1 and Additional File 2, 168 respectively. The functional category distributions of tartary buckwheat transcripts in 169 terms of Gene Ontology (GO) and COG were evaluated using the results of the homology 170 search. COG functional category information attached to the COG proteins that fit the 171 search parameters was used to determine the for determining COG functional category 172 distribution, and GO information attached to the hit UniProt proteins was collected and 173 re-analyzed using the WEGO tool (http://wego.genomics.org.cn) (Ye et al., 2006) Supplementary Table S1 . temperature program was as follows: initial temperature of 80°C for 2 min, followed by 212 an increase to 320°C at 15°C/min, and a 10 min hold at 320°C.
214
Extraction and HPLC analysis of anthocyanin 215 Anthocyanins were extracted from 100 mg dried powder with 2 mL water : formic acid 216 (95:5 v/v) in a sonicator for 20 min, and the supernatant was filtered through a 0.45 µm 217 hydrophilic PTFE syringe filter (Ø, 13 mm, Advantec, Tokyo, Japan) in a brown vial.
218
Anthocyanins were detected at a wavelength of 520 nm using an Agilent 1200 series 219 HPLC (Santa Clara, CA, USA) equipped with a Synergi 4 μm POLAR-RP 80A column 220 (250 × 4.6 mm i.d., particle size 4 µm; Phenomenex, Torrance, CA, USA) and a Security For the phenylpropanoid analysis, 100 mg dried samples were extracted with 3 mL 80% 232 methanol at 25°C for 1 h. After centrifugation at 12,000 × g for 10 min, the extracts were column was maintained at 30°C; the flow rate was 1.0 mL/min, and the injection volume 241 was 20 µL. Different compounds were quantified based on peak areas, and the 242 concentrations were calculated as equivalents of representative standard compounds. false discovery rate (FDR) < 0.05 (Table 1) . We found that 3,132, 4,595, and 1,597 289 transcripts with FDR < 0.05 were differentially expressed genes in the cold treated-290 sample after for 4, 24 and 48 h compared with the untreated plants, respectively.
291
Comparative genome-wide expression analysis showed that 406, 762 and 583 transcripts 292 were increased more than 2-fold with FDR <0.05 under cold treatment for 4, 24 and 48 h 293 compared with the untreated plants, respectively. RNA sequencing of cold-treated 294 buckwheat seedlings showed that a total of 1,203 transcripts were upregulated in response 295 to cold at a minimum of one time point during the course of the experiment. Among them, 296 we selected 10 candidate transcripts encoding enzymes related to the phenylpropanoid 297 biosynthetic pathway that were highly similar to those of Arabidopsis thaliana ( Fig. 2A) .
298
Heatmap analysis of the these genes showed that the FtPAL1, FtPAL2, Ft4CL3, 
312
To identify whether the phenylpropanoid biosynthetic genes are affected by cold 313 stress, we analyzed the expression of the phenylpropanoid biosynthetic genes in response 314 to cold using quantitative real-time RT-PCR (Fig. 2B) . The expression of most 315 phenylpropanoid biosynthetic genes significantly increased in the cold treated buckwheat 316 seedlings with the exception of FtDFR, which is expressed at a very low level in response 317 to cold. FtPAL, FtC4H and Ft4CL exhibited maximal cold response at 24 h with induction 318 levels more than 3.3-, 3.2-and 3.1-fold, respectively. FtCHS, FtCHI, FtF3H, FtF3'H1, 319 FtF3'H2, FtFLS1 and FtANS showed maximal cold response at 48 h with induction levels more than 5.9-, 2.5-, 15.9-, 9.8-, 4.0-, 2.7-and 15.2-fold, respectively. In particular, the aminobutyric acid content was unchanged in cold conditions.
353
Fourteen organic acids were detected in the tartary buckwheat (Supplementary 354 Fig. S2 ). Some organic acids derived from the tricarboxylic acid (TCA) cycle such as 355 citric acid, fumaric acid, succinic acid and malic acid increased more than 2.23-, 2.47-, for the anthocyanin biosynthetic enzymes, as well as the transcription factors for the 449 anthocyanin biosynthetic pathway, suggesting that the sugars are in vivo stimulators of 450 anthocyanin biosynthesis (Lloyd and Zakhleniuk, 2004) . Based on previously published 451 data and our transcriptomic and metabolic profiling, we suggest that cold plays a role in 452 the modulation of sugar synthesis, increasing the contents of sugars. The increased sugars 453 might be act as signaling molecules to induce the expression of genes encoding 454 anthocyanin biosynthetic enzymes, thus enhancing the accumulation of anthocyanins.
455
However, we cannot rule out the possibility that cold directly modulate the anthocyanin 456 biosynthetic pathway without sugar signaling. Table S3 : Summary of annotations of tartary buckwheat transcripts. 
Figure legends

